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CAN is currently the de facto standard for bus systems in the automo- 
bile industry. The fact that sales of CAN-related components have sur- 
passed the most optimistic sales estimates is a clear indication of the rel- 
ative success of the CAN bus. The CAN interface card described here is 
intended for installing into a free ISA expansion slot in your PC. Great for 
experiments in getting acquainted with CAN. 
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When it comes to developing an 
application employing the CAN bus 
in one way or another, a PC is an 
indispensable ‘tool’ for debugging 
and testing. Assuming you want to 
develop 100% bug-free application 
(and who doesn’t?) the PC and a 
suitable interface card will allow you 
to visualise and record CAN frames 
travelling up and down the bus, as 
well as supply test frames. To show 
you the basics of how it’s done, 
we've developed a small test appli- 
cation running under Windows. This 
little program will not fail to demon- 
strate the main features of the card. 

At the same time, the interface 
described here may be the heart of a 
complex automation system because 
it is compatible with current indus- 
try standards like CANOpen and 
DeviceNet. We have to emphasise, 
however, that the present adapter 
card does not have any on-board 
intelligence, so that all processing of 
whatever protocol has to be handled 
by the PC. In certain cases, the 
resultant software overhead may be 
significant. 

Windows being the current stan- 
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Figure |. SJA1000 CAN Controller architecture. 


dard in terms of operating systems 
for PCs, we have developed a driver 
which handles the most ‘delicate’ 
part of the adapter support. This dri- 
ver is easily integrated into the 
majority of today’s compilers, includ- 
ing Delphi, C++ Builder, Visual 
BASIC and Visual C++. The driver 
and the associated source code files 
are available on a diskette with order 
code 000071-11 which may be 
obtained through our Readers Ser- 
vices. The project software is also 
available from the Free Downloads 
section of our website. 


At the CAN side 


The present CAN adapter is based 
on one of the most powerful CAN 
controller chips available today, the 
SJA1000 from Philips Semiconduc- 
tors. This chip, whose internal archi- 
tecture is shown in Figure 1, comes 
in a 28-pin case. The SJA1000 is the 
successor of the 82C00 and pin com- 
patible with it. However, the 
SJA1000 is CAN2.0 compliant 
(frames with a 29-bit identifier), it 
supports higher quartz crystal fre- 
quencies and, most important of all, 
it integrates a FIFO (First in, First 
Out) register in the CAN receiver 
section. As we will see a bit further 
on, the FIFO is an extremely wel- 
come addition when it comes to 
interfacing the SJA1000 to a PC run- 
ning Windows. 

The SJA1000 consists of three 
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functionally independent blocks hav- 
ing their own power supplies. That 
explains the presence of no fewer 
than six power supply pins on the 
chip: VDD1, VDD2, VDD3, VSS1, 
VSS2 and VSS3. Because we do not 
make use of certain functions avail- 
able for direct connection of the chip 
(i.e., the output buffer and the input 
comparators), the three power sup- 
ply voltages are distributed without 
separate processing. 


The electronics 


To get a better picture of how it all 
works, let’s have a look at the circuit 
diagram in Figure 2. 

At the heart of the circuit we find 
the SJA1000 CAN controller. 

The function of the PCA82C250, 
IC2 in the circuit, is to convert the 
TTL signals processed by the opto- 
couplers into 15011989 compliant 
levels for the CAN bus. The 82C250 
contains a power driver which is 
resistant to different types of short- 
circuit and overload conditions 
which may occur on the CAN. The 
RS pin of IC2 allows the slew rate of 
the output amplifier to be controlled 
and, consequently, the amount of 
electromagnetic components radi- 
ated by the CAN wires. In our case, 
this pin is tied to ground — this 
selects the highest possible slew 
rate, assuring reliable communica- 
tion at data rates up to 1 Mbit/s. 

In order to preclude any earth 





loops between the PC and equipments 
hooked up to the CAN, the bus is electrically 
isolated from the PC. 

The circuit to achieve electrical isolation is 
classic and based on fast optocouplers (IC3 
and IC4). Don’t forget that the CAN bus sup- 
ports a maximum data rate of 1 Mbit/s! 

The link to the ‘physical’ CAN bus is by 
way of connectors K1 and K2, whose pin 
assignments follow the ‘CAN in Automation’ 
recommendations. The two connectors are 
wired in parallel to enable the PC to be actu- 
ally ‘inserted’ into the CAN system. Because 
of the high throughput required at times by 
the CAN, an inserted configuration is to be 
preferred over a kind of ‘shunt’ position on the 
network. 

If you decide to connect your card to a 
CAN bus carrying its own supply voltage 
(which is the most common configuration in 
industrial automation systems) you can reap 
the benefits of the internal electrical isolation 
afforded by the card. In that case, all you have 
to do is remove jumper JP1 and install JP2 in 
the ‘high’ position indicated in the circuit dia- 
gram. Voltage regulator IC1 is then powered 
by the CAN bus, while the ‘bus’ section of the 
card is effectively isolated from the ‘control’ 
section. The card will work from any CAN 
supply voltage between 9 V and 35 V (again, 
in accordance with the ‘CAN in Automation’ 
recommendations). 

If you believe you can do without electri- 
cal isolation, or if your CAN bus does not 
carry its own supply voltage (as in most vehi- 
cle-mounted CANs), you simply install JP1 
and move JP2 to the ‘low’ position indicated 
in the circuit diagram. In that configuration, 
the ‘bus’ section of the circuit will be supplied 
from the PC's +12 V rail. When dealing with 
extended buses (i.e., large distances between 
CAN devices), you have to be cautious about 
earth loops between the PC and other equip- 
ment. 


At the PC side... 


The SJA1000 has been designed to interface 
in the simplest possible way with the major- 
ity of currently available microcontrollers, 
including Intel 805x and Motorola 68xx 
devices. The selection between the two 
‘industry-standard’ families is made by the 
logic level applied to the MODE pin of IC8 
(+5 V = Intel, 0 V = Motorola). Both micro- 
controller families employ a multiplexed 
address/data bus, which is not the case on 
the ISA bus in the PC. Fortunately, the 
SJA1000 has an internal demultiplexer to sep- 
arate the address and data components in 
accordance with the bus requirements. 
Because the ISA bus is not multiplexed, it 
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Figure 2. Circuit diagram of the CAN adapter for the PC ISA bus. 


is necessary to restore the correct signal tim- 
ing before pins AD0-AD7 of the SJA1000 can 
be driven in the proper fashion. In order to 
catch each component (data or address), the 
card occupies two contiguous addresses in 
the PC’s I/O area. In fact, to prevent cluttered 
hardware, the card occupies four addresses, 
of which only the first two are used. 

Circuit ICb, a 74HCT688, determines the 
I/O range taken by the CAN card. When the 
eight most-significant (MS) I/O address bits 
match the setting on K4, the card is enabled, 
whereupon bus buffer IC9 is actuated, as well 
as the logic network built from the gates in 
IC6 and IC7. To select an I/O range starting 
at, for example, 330h, you install a jumper 
over pin pairs 15-16, 13-14, 7-8 and 5-6 of K4. 
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This sets up the code 11001100xx at 
the input of IC5. 

Once the PC starts to write to the 
even-numbered address in the user- 
defined I/O area (bit AO at 0), gates 
IC6C, IC6D and IC7E allow the write 
pulse to arrive at the ALE pin which 
controls the demultiplexer inside the 
SJA1000. 

Let’s look at a real-life example. If 
the ISA insertion card is to reside at 
address 330h and you wish to access 
the clock register of the SJA1000 at 
1Fh, all you have to do is have the 
following instructions executed by 
the PC (a bit further on we'll get to 
the particular meaning of these 








000071 - 11 


instructions under Windows): 


MOV DX, #330h 
MOV AL, #1Fh 
OUT DX, AL 


Once a register has been selected in 
the SJA1000, we can read or write 
its contents by employing the func- 
tion of the WR and RD pins in the 
classic way. These pins are enabled 
by IC6b and IC6A respectively, 
which can not be activated unless 
address line AO is at logic High 
(even-numbered address). To read 
the contents of the selected register 
by means of the routine shown 
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above, you program 


MOV DX, 


#331h 


IN AL, DX 


Similarly, to write, for example, the 
value 5Ah to the selected register, 
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you run 
MOV AL, #5Ah 
MOV DX, #331h 
OUT DX, AL 


Gate IC7A serves to invert the Reset 
signal for the PC to ensure it is at the 
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proper level for the SJA1000. 

Similarly, gate IC7C inverts the polarity of 
the SJA1000 interrupts for the sake of the PC. 
The interrupt channel employed by the card 
is simply selected by means of a jumper 
placed on K3. If interrupts are not required (as 
in the cases of our driver for Windows), it is 
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Figure 3. Copper track layout and component mounting plan of the PCB designed for the CAN adapter card (board available ready-made). 


12/2000 


Elektor Electronics 








PTH) A 


4019373 (9) 
Ł-LZ0000 


sufficient to remove the jumper from K3. 

Finally, the SJA1000 employs its own clock 
source built around X1. Changing the crystal 
frequency is possible, but you will need to 
recalculate the division factors stored in the 
internal registers, using the information sup- 
plied by Philips. In all fairness, this would 
seem to be a job for true CAN specialists 
only! If you want to use the driver written by 
the designer of this circuit, stick to a quartz 
crystal frequency of 16 MHz. 


Construction 


From a constructional point of view, the pre- 
sent card is simple to build (by almost any 
standard) and contains just a small number of 
components. The copper track layout and com- 
ponent mounting plan are given in Figure 3. 
You will notice that circuit board has two 
footprints for IC2, one a DIL8 shape, the other, 
a SO8 (SMA style). Unfortunately, these days 
the PCA82C250 seems to be available in the 
SO8 case only, which makes soldering by 
hand a tad difficult but not impossible. Some 
of you may be lucky enough to get their 
hands on the leaded version in the DIL8 case. 
The order in which the components are 
soldered onto the board is traditional: resis- 
tors and small capacitors, sockets, connectors 
and only then the taller and/or larger parts. 
Please pay attention to the orientation of SIL 
array RY. Voltage regulator IC1 has to be 
mounted with its pins bent at right angles (90 
degrees) to allow its tab to be secured to the 
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PCB, which will also act as a mini- 
mal yet adequate heatsink. 


The software 


The relative simplicity of the hard- 
ware (including the construction 
phase as described above) is in stark 
contrast with the complexity of pro- 
gramming the SJA1000. The bare 
essentials are described in the 
SJA1000 datasheets, which we'd say 
are a must for every serious user of 
the present card. The datasheets 
may be downloaded in the form of a 
pdf document (235 kB) from 
http://www.semiconductors.com 
pip/SJA1000# datasheet 

Mind you, just having this document 
safely stored on your PC is no guar- 
antee for the eventual production of 
bug-free drivers! 

Because the program listings 
explaining the operation of the 
SJA1000 in polled interrupt mode are 
simply too large to be reproduced in 
this article, we have posted them in 
the Free Downloads section (items 
December 2000) of our website at 
http://www.elektor-electronics.co.uk 
Of course, these listings have to be 
adapted to the PC and operating 
system in question. Note that the 
listings apply to Basic CAN mode 
only (11-bit identifier). Fortunately, 





they should be easily adapted to 
implement Extended CAN (29-bit 
identifier). 


DOS, Windows 
and the rest 


If you decide to use the ISA CAN 
adapter card under DOS (yes it is 
still around and in fact experienc- 
ing a come-back in industrial appli- 
cations, despite Windows CE), 
writing a driver remains relatively 
simple thanks to the source files on 
the project diskette and the 
SJA1000 flowcharts. 

Under DOS, you get virtually 
direct access to all resources offered 
by the card. In fact you can exploit it 
to the full because you are not ‘hin- 
dered’ by the operating system. 

Using the adapter card under 
Windows 3.x (a.k.a. 16-bit Windows) 
requires a DLL to be written which 
1s Similar to the one described on the 
project disk. The help file supplies 
the necessary details on modifica- 
tions to carry out on the 32-bit 
source code to slim it down to 16-bit 
use. Win 3.x, by the way, tolerates 
DLLs accessing the interrupt house- 
hold, a fortunate fact which should 
enable you to achieve performance 
and throughput not much lower than 
under DOS. 
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COMPUTER 


COMPONENTS LIST 


Resistors: 

RI = 330Q 

R2 = IkQ| 

R3 a R6 = 3900 

R7,R8 = 4kQ7 

R9 = 8-way SIL array, 10 kQ 


Capacitors: 

Cl,C2 = 27pF 

C3 = |O0UF 63V radial 
C4-C13 = 100nF 


Semiconductors: 
ICI = LMT317T (TO-220 case) 
IC2 = PCA82C250 (DIL8 or SMA) 


(Philips) 

IC3,IC4 = 6N137 

IC5 = 74HCT688 

IC6 = 74HCT32 

IC7 = 74HCT04 

IC8 = SJA1000, PCA82C200P 
(DIL28) 


IC9 = 74HCT 245 


Miscellaneous: 

JP1,JP2 = 2-way pinheader with 
jumper 

KI,K2 = 9-way Sub-D plug (male), 
PCB mount 

K3,K4 = 16-way boxheader or 
pinheader 

XI = |6MHz quartz crystal 

PCI-PC3 = solder pin 

PCB, order code 000071-1 (see 
Readers Services page) 

Project disk, order code 000071 - 
I | (see Readers Services page) 


However, the real excitement 
begins with the 32-bit cores of Win- 
dows 95, 98 and NT, in which the 
processor runs in protected mode. 
Two problems should be addressed: 
access to the I/O space and support 
for interrupts. 

It should be reiterated that none 
of the 32-bit Windows versions allow 
an .EXE program to modify the inter- 
rupt resources. Without going into 
too much detail, the applications run 
at protection Level 3, while it is nec- 
essary to be at Level 0 to be able to 
reprogram the interrupt controller. 
The only way of getting there is to 
write a system driver. A difficult 
task, because the relevant utilities 
supplied by Microsoft are by no 
means models of simplicity. What’s 
more, Windows 95 requires you to 
write VXD virtual drivers, Windows 
98, WDM'’s, and Windows NT, dri- 
vers of the SYS type. So it’s goodbye 
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Figure 4. Fully functional prototype of the CAN adapter. 


dear interrupts... 

In practice, there is a glimpse of 
hope. After all, the SJA1000 con- 
tains a FIFO RAM that allows the 
processor load to be lightened by 
stocking data received while in read 
mode. By reading the SJA1000 
receiver registers at regular inter- 
vals, we can make do without inter- 
rupts. This method has been 
adopted and implemented in the dri- 
ver developed for the project — 
received data is read at regular (mil- 
lisecond) intervals. 

The FIFO having a length of 
64 bytes, the driver will be able to 
continuously process 64 x 100 bytes 
per second, corresponding to a bus 
data rate of 500 kbits/s — reason- 
able we'd say for the application at 
hand. Given the fact that the bus 
will rarely be required to operate at 
full speed (load) the driver will be 
capable of supporting 1 Mbit/s traf- 
fic because the pause intervals will 
be sufficient. Advanced users should 
also note that suitable control of the 
data filters in the SJA1000 will allow 
the processor load to be reduced 
considerably. 

The real problem under Win-32 is 
the theoretical impossibility of get- 
ting direct access to I/O or memory. 
In principle, if you attempt to exe- 
cute an IN or OUT instruction at pro- 
tection Level 3, you will unwittingly 
trigger a 13h interrupt which flags 
‘protection violation’. 


Fortunately, the protection is not actually 
‘armed’, while Microsoft have recognized the 
problem. In fact the latest versions of Win- 
dows 98 do support I/O access. What’s more, 
the I/O area reserved for ‘experimental’ I/O 
(330h to 33Fh) is no longer ferociously 
guarded by Dear Bill c.s. 

Our driver has a modular construction. By 
default, it employs a simple but effective 
layer, DIRECTIO.DLL to access hardware 
directly without a driver, at Level 0. If you 
insist on using a virtual driver, we have 
included HWPORT95.DLL which allows free- 
ware program HWPORT95 to be used, which, 
in turn, is based on a VXD. This freeware pro- 
gram is also found on the project diskette. To 
use it, simply modify the CanTest.INI file by 
replacing parameter ‘directt95.dll’ by 
HWPORT95.DLL. 

Under Windows NT, things are becoming 
more complex because the protection at 
Level 3 is active. Using the files on the project 
disk, the driver is not able to make the card 
operate under Windows NT. The solution is to 
write your own DLL based on the model 
DIRECTIO.DLL, and including a call to a dri- 
ver SYS for NT. 


The CANTEST program 


The program CANTEST (of which the source 
code and executable files are found on the 
project disk) is a ‘CAN Monitor’. It allows the 
data frames travelling up and down the CAN 
bus and complying with hew criteria set up 
by the ‘Acceptance Code’ and ‘Acceptance 
Mask’ registers of the SJA 1000 to be visu- 
alised. In addition to the Monitor function, 


COMPUTER SSS 


CANTEST also allows user-defined CAN data 
frames to be transmitted. 

The CAN timing registers may be freely 
modified to evaluate the performance of a 
CAN bus at data rates between 10 kbits/s 
right up to 1 Mbits/s. It is even possible to 
test at 1.6 Mbits/s, although that data speed 
is well outside the CAN specs. 


Testing the CAN adapter 


The simplest way to test the CAN adapter 
card is to run the CANTEST program which 
contains auto-detection and test algorithms. If 
after launching the program the window 
appears correctly, you may safely assume 
that the card has been properly detected at 
the address indicated in the CANTEST INI file 
(don’t forget to edit it to your requirements 
before running the test program), and that 
the card responds to control commands. 

If CANTEST pops uo a window reading ‘-4 
: CAN Adaptor not found’, you should look at 
these possible causes: 
1. The I/O address occupied by the card does 
not match the relevant allocation in CAN- 
TEST.INI. Modify the .INI file or reconfigure 
the jumpers on the card to ensure equal hard- 
ware and software settings. 
2. The I/O address is already in use by 
another peripheral device. The preferred I/O 
range for the CAN card is 330h - 33Fh. To min- 
imize the risk of conflicts, this is the area 
reserved for ‘experimental applications’. 
3. The card contains a hardware fault which 
you obviously have to trace and eliminate. 
Another cause of problems could be the ISA 
bus settings in the BIOS, so check these as 
well. A too high ISA bus speed may prevent 
the SJA1000 from responding correctly (rare 
though because the SJA1000 is a pretty fast 
device). 


When forced to probe deeper into problems 
with the CAN card, simply resort to the use 
of good old ‘DEBUG’ found in your DOS folder. 
Launch it and use the instruction O to write 
different values to the clock divider registers 
in the SJA1000 (register 31, or 1F in hex), 
referring to the datasheets for valid numbers. 

Assuming that the card sits at I/O address 


330h in the PC you'd type 
O 330 1F <return> 
O 331 07 <return> 


By reading back the same register you should 
get back what you wrote in it: 


I 331 
>07 


<enter> 
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By ‘scoping the test point connected 
to CLKOUT, you should observe a 
change in frequency of the rectangu- 
lar signal as a function of values 
written to the register. 

If this test is okay, you may be 
assured of the correct functioning of 
the SJA1000 and its PC interface. 

Testing the opto-isolated CAN 
interface is more difficult. In princi- 
ple, the only useful test consists of 
linking the card to a bus which is 
known to function at it should, and 
then run CANTEST to verify that 
data are being received. If problems 
persist, start by checking if the 
82C250 and the optocouplers are 
properly supplied at +5 V. If not, 
check the configuration of the 
jumpers that define the supply volt- 
age of the LM317 voltage regulator. 
If you have selected the bus supply 
option, inspect the cabling between 
the sub-D connectors and a dc 
power supply set to a voltage 
between 12 V and 24 V. 


If you are in doubt about the cor- 
rect functioning of this section of the 
circuit, you may remove the SJA1000 
from its socket and connect a wire 
between the socket pin for TX 
(linked to the transmit optocoupler). 
Alternately connect the other end of 
the wire to 0 V and then +5 V. You 
should observe a change in the dif- 
ferential voltage between CAN H 
and CAN_L on the output connec- 
tors. The input channel may be 
tested in the same way by connect- 
ing up a regulated power supply set 
to about 2.5 V. By alternating the 
polarity of this voltage source you 
should be able to produce level 
changes on the RX pin of the 
SJA1000, this is connected to the 
output of the receive optocoupler. 
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For further reading: 

Controller Area Network (CAN), 
Elektor Electronics September 1999 
through January 2000. 


On project disk # 000071-Il 


Copyright.txt : author’s copyright notice 


contents.txt : disk contents 


readme.txt : late breaking information 


cantest.dof : CANTEST compilation options for Delphi 
cantest.dpr : CANTEST Delphi source code 
cantest.dsk : DELPHI environment for CANTEST (optional) 


cantest.exe : ready-compiled executable 


cantest.ini : CANTEST parameters. Edit to select CAN adapter I/O base address 


and driver type 


cantest.res : CANTEST binary resources (Delphi) (optional, file contents depends 


on Delphi version) 


fichetest.pas : CANTEST main window source code 

fichetest.dcu : CANTEST main window, compiled module 

fichetest.dfm : source code of Windows objects in main window 
direct95.dll : link library for direct access to PC I/O resources under Win- 


dows95/98 


direct95.dof : Delphi compilation options for DIRECT95 library 

direct95.dpr : Delphi source code of DIRECT95 library 

direct95.dsk : Delphi environment for DIRECT95 library (optional) 

direct95.res : DIRECT95 library binary resources (Delphi) (optional, file contents 


depends on Delphi version) 


err_code iolib.pas : Include file to distribute identical error codes among CAN 


applications 


hwport95.dll : compiled library for freeware HWPORT9Y5 instead of DIRECT95 


library 


impcanlib.pas : PCANLIB driver Include file for Delphi applications 

pcanlib.dof : Delphi compilation options for PCANLIB driver 

pcanlib.dpr : Delphi source code of PCANLIB driver for use with CAN adapter 
pcanlib.dsk : Delphi environment for PCANLIB driver 

pcanlib.res : Delphi binary resources (optional, file contents depends on Delphi 


version) 


pcanlib.dll : link library for CAN adapter 
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